ABSTRACT
5
To perform a FEM analysis on masonry structures it is possible to use different modelling 6 approaches. These include equivalent frame [8,9,10], equivalent material approach [11, 12] and 7 micro modelling [13, 14] . The equivalent frame approach is typically used to study the in plane 8 behaviour of masonry structures containing opening or entire structures under vertical and 9 horizontal forces. In this approach each wall with openings is meshed as a two dimensional 10 frame by extending of the contour lines of the openings into "pier panels", "spandrel panels" 11 and "joint panels" which are respectively vertical, horizontal and jointing components. In the 12 equivalent material approach also known as "macro element approach" the masonry is modelled 13 as a homogeneous material achieving equivalent mechanical properties using homogenization 14 techniques. The micro modelling approach, introduced for the first time by Page [15] internally discretised by UDEC into finite-difference zone elements (Fig. 2) , each assumed to 16 behave in a linearly elastic manner. In practice, the stresses in the bricks would be well below 17 their strength limit and no significant deformation would be expected to occur in them. In order 18 to replicate this, brick material parameters were specified but no significant block deformation 19 occurred yet the software was enabled to calculate the theoretical stresses in each zone element.
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The mortar joints were represented by interfaces modelled using UDEC"s elastic-perfectly 
24
UDEC parameters to best simulate pre-and post-cracking behaviour [27] . The UDEC material 25 parameters obtained using this approach are summarised in Table 2 .
26
The bottom edges of the UDEC wall panel were modelled as rigid supports in the vertical and horizontal direction whilst the vertical edges of the wall panel were left free. Self-weight effects 1 were assigned as gravity load. Initially the model was brought into a state of equilibrium under 2 its own self weight and then the externally applied load was assigned in displacement control (in 3 order to have a higher control close to collapse, even if the test was conducted increasing the 4 load). Histories of mid-span displacement were recorded and a load against displacement 5 relationship was determined (Fig. 3) . Fig. 3 shows that at low levels of applied load, the 
Modelling with FEM
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The FEM analysis of the low bond strength masonry wall panels was performed in 2D using the Table 7 . Material parameters have been obtained from micro-scale 14 experiments (Table 8 ) while other modelling parameters have been computed (Table 9 ). In 
12
In Fig. 16 
